INTRODUCTION
A variety of cytological studies have produced the concept that the antimitotic drugs colchicine and Colcemid bind to specific proteins, the "tubulins" (1, 3, 4, 20, 38, 42) . Moreover it has been implied in most of these studies that these "colchicine-binding proteins" are recovered in a soluble form, i .e ., in the 100,000 g supernate from a cellular homogenate . However, recently, colchicine-binding has been described for particulate cellular subfractions from various tissues, THE JOURNAL OF CELL BIOLOGY • VOLUME 60, 1974 • pages 297-303 especially in membrane fractions from mammalian brain and liver (6, 8, 25, 26, 36, 42) . The colchicine-binding capability is different in the various membranes and seems to be especially high, for example, in nuclear membranes from mammalian liver and microsomes and synaptic membranes from mammalian brain . The occurrence of colchicine-binding proteins in such a particle-bound form has been alternatively explained as due to (a) the association of tubulin with such membranes (8, 36) or (b) that colchicine and related drugs can also be bound by nontubu-(d) incubation temperature, from 0•C to 90,•C, with lin membrane components . The present study or without preincubation at 90 6640r, 30 mina Bound extends our earlier investigations on the localizacolchicine was determined '(sy`the "filter technique tion and distribution of colchicine-binding sites in according to Weisenberg et' al .' (38 ;  for details see liver and brain cell fractions and will present some also refs . 2 and 35) . In some experiments designed differences in the binding characteristics of tubu-to study the strength of the binding, 'we allowed the Tins and membranes . It suggests that, in contrast bound colchicine to equilibrate with the wash medium, in each of the six wash steps, for 10 min at to the association of tubulin with brain membrane room temperature . When membranous material was fractions, much of the binding to liver membrane-assayed, this method was routinelj compared with fractions is nonspecific .
that of the repeated washes by ultracentrifugation (36) and with the method of Feit and Barondes (8) , which uses a centrifugation through 10% sucrose (in our experiments this step was followed by a centrifugation for 30 min at 160,000 g) . If not otherwise indicated, the determinations of the bound drug represent the differences of the amounts bound in the specific probe and that in the corresponding zero time and 0 • C "blank ." All wash steps were carried out at 4•C, except in determinations of the temperature dependence of the binding in which the washes were done at the incubation temperatures (20-60•C) . Protein was determined by the method of Lowry et al. (27) . The radioactivity bound on the filter papers was counted in 10 ml toluene based scintillation fluid, containing 1 ml NCS (Nuclear Chicago Solubilizer, Amersham/Searle Corp ., Arlington Heights, Ill .) in a liquid scintillation counter at an efficiency of 40% for 3 H and 85% for 14C-labeled material . 43) . Radiochemical purity and possible chemical alterations of the radioactive drugs were checked by scanning the thin-layer chromatograms with a gasflow-counter and comparing the mobilities with that of unlabeled colchicine (35) . After the assay the bound radioactivity was reisolated (3, 8) and identified in the same way . The incubation was carried out in the "assay medium" under gentle magnetic stirring .
MATERIALS AND METHODS

Brains
The following parameters were varied : (a) protein concentrations from 0 .2 to 5 mg/ml ; (b) colchicine concentrations from 10-9 to 10-a M (by adding unlabeled colchicine ; E . Merck AG, Darmstadt, Germany) ; (c) incubation time from 0 min to 6 h ; 298 BRIEF NOTES
RESULTS
Membrane and nuclear fractions from rat liver have a significant colchicine-binding activity as detected both by binding assays (36) and autoradiography (18) . A recovery study of colchicinebinding capacity through crude fractions from homogenized rat liver is shown in Fig . 1 , demonstrating the remarkable amount and the specific activity (per milligram protein) of drug binding, especially in the membrane fractions . When we compared the binding activities of nuclear and microsomal membranes prepared in parallel at different protein concentrations over a range of 0 .3-3 .0 mg/m1, using the "centrifugation method" (36), the nuclear membranes consistently bound more colchicine than the microsones (Fig . 2) , and, likewise, more than rat liver plasma membranes prepared according to Ray (32) . When the membrane fractions were depleted and extracted of lipids according to Fleischer et al . (10) , the efficiency of binding colchicine was not significantly diminished (35) . This is in accord with the view that it is membrane protein which binds the drug and rules out any preferential partition into the membrane lipids as the explanation for the membrane binding of colchicine . The binding of colchicine to membranes from the endoplasmic reticulum and the nuclear envelope strongly increases with temperature (see below) but is different from the binding to brain supernatant protein or to purified tubulin by not reaching saturation in a range from 10 -9 M to 10--2 M . Fig. 3 shows the binding curves in between 10-8 M and 10-4 M . When one plots the binding data of colchicine to brain supernatant protein :and liver nuclear membranes and microsomes according to Scatchard (33 ; reviews in 22, 23, and 37), one sees that the brain supernatant protein exhibits a normal: "tubulin-like" binding characteristic with ca . 6 X 1014 effective binding . sites per mg protein ( Fig . 4; compare, e .g ., refs : 30, 38, 42) whereas the curves for the : membrane fractions are significantly different . The microsomes did not show any specific binding, even at low concentrations . The nuclear membranes, however, revealed a complex curve suggesting either negative cooperativity or heterogeneity of binding sites (compare, e .g ., 24) . Due to the complicated situation a definite value for the number of specific binding sites per milligram of protein (n M ) cannot be obtained from the curve . The binding of colchicine to nuclear and microsomal membranes is relatively stable. -as demonstrated -in repeated washes with assay medium, using both the filter assay and the centrifugation method . After removal of the unbound colchicine, i .e . from the third wash on, the loss of radioactivity from the membrane fractions was, in our hands, compaz m a c0 1 Z FIGURE 1 Recovery study of colchicine binding in crude fractions from the rat liver homogenate after centrifugation at 1,500 g (15 min), 10,000 g (10 min), and 100,000 g (1 h) . The colchicine binding of the pellets sequentially obtained ("nuclei," hatched blocks ; "mitochondria," dotted blocks ; "microsomes," blank blocks) and the "100,000 g supernatant" (cross-hatched blocks) is demonstrated as total colchicine binding per fraction (left), and as specific binding activity per protein content (right) . In vitro incubation was carried out at 87 • C for I h with 5 X 10 -7 M [ 8H]colchicine at a protein concentration of 5 mg/ml . higher temperatures or after preheating at 90°C for 30 min (Fig . 5) . However, the temperature during the wash procedures has also a marked effect on the amount of colchicine bound : higher temperatures render more colchicine released . Extensive sonication before the binding assay leads to a slight (approximate 1 .5-fold) increase of colchicine binding (for details see 35) . It is excluded, however, that the specific difference between the nuclear membranes and the other membranes studied, especially the microsomes, is merely due to an increased membrane surface ratio, since the nuclear membrane fragments, as we prepare them, are larger than the corresponding microsomes (see, e .g ., refs . 15 and 21) .
Inr order to characterize the binding to the membrane structures, we compared the colchicine binding with the capacity to bind lumicolchicine which is biologically inactive and not bound by tubulin (42) . In our assays lumicolchicine was not bound by the brain 100,000 g supernatant proteins (35, see also ref. bound much more colchicine than lumicolchicine but the ratio of lumicolchicine to colchicine binding is significantly higher in the brain "particulate fraction" (Fig . 6) . With the liver fractions, however, the microsomes bound nearly equal amounts of colchicine and lumicolchicine, and the nuclear membranes were consistently even slightly more effective in binding lumicolchicine . When one plots the differences of bound colchicine and lumicolchicine as a function of the time of incubation, one obtains curves characteristic of the various fractions assayed as shown in Fig . 7 . While the relatively poor colchicine-binding activity contained in a rat liver 100,000g supernate which had been "directly" prepared from the homogenate by a single centrifugation (i .e ., in a manner identical to that used for the brain supernatant protein) had a binding behaviour indicative of some tubulin-like specificity (Fig . 7) , the microsomes and nuclear membranes showed neither specific binding nor did the difference of 
DISCUSSION
The results confirm and extend the earlier demonstrations that membrane material can bind colchicine and Colcemid in a relatively stable mode (6, 8, 20, 25, 26, 36, 42) . The presence of such membranous binding sites is also indicated to us in the data of Gillespie colchicine") who studied the colchicine binding using tissue slices . Our data further add to the indications that different types of membranes vary in their binding activity, particularly high activity being associated with nuclear membranes from mammalian liver and with nerve ending and synaptosomal fractions (see the references mentioned above and ref . 9 ) . The existence of some colchicine-binding sites in membranes might also be expected from the existence of enzymes in the microsomal membranes of liver, which are capable of hydroxylation and degradation of colchicine (34) , and from the inhibitory effects of colchicine (but also of lumicolchicine) on the transport of nucleosides across the plasma membranes of various cultured cells (28) . However, in contrast to the colchicine binding in membranecontaining fractions from brain tissue (8) , the binding to the liver membranes differs in a series of characteristics from its binding to tubulin . Such differences are the heat stability, its dependence on drug concentration over a range of 10-8-10-'2 M, and its nonspecificity as indicated by the extremely low ratios of colchicine binding compared to the binding of lumicolchicine . Some of the properties of such a membranous colchicine binding could suggest a contribution by (probably hydrophobic) membrane surface adsorption, for example, its increase after sonication and after membrane disintegration through preheating (see also ref. 22 ) . However, increase of binding activity by heating of membranes should not be considered a priori as indication of a nonspecific adsorption as has been shown for the high affinity binding sites of cytochrome to mitochondrial membranes (40) . The complex Scatchard plot of the nuclear membranes might indicate the presence of one component with higher affinity superimposed on a low affinity and nonspecific binding (Fig . 4) .
In a diversity of cellular situations microtubules exhibit a close relationship with membranes, especially the nuclear membranes, and sometimes even seem to have their origin where membrane breakdowns occur (e .g . 7, 14, 16, 17, 31, 41) . This had led to concepts of membrane-associated foci nucleating assemblies of microtubules (12, 13, 29, 31, 36) . Although our data demonstrate that the vast part of the membrane colchicine binding cannot be explained by the existence of tubulin in these membranes, they do, on the other hand, not rule out in general the occurrence of mem-3 02 BRIEF NOTES brane-associated tubulin. From a crude estimation, however, assuming that all colchicine-binding sites of membrane tubulin would be accessible, it is clear that only a minute amount of the membrane proteins in rat liver could be constituted by such a proposed microtubular membrane component (for different situation in brain membrane fractions see ref. 9 ) .
